C
ENTENARIANS are sometimes said to represent lifelong healthy aging (1, 2) , although whether they are, in fact, examples of healthy aging is a subject that is currently under discussion (3, 4) . The literature describes declines in sensory, cognitive, and physical functions in centenarians (4) (5) (6) (7) (8) (9) (10) (11) . Scientific studies of centenarians have focused on explorations of their environmental and genetic backgrounds. However, the recent proliferation of centenarians (12) and the heterogeneity in their phenotype has introduced confusion into the consensus that, as a whole, they are representative of healthy aging (4, 13) . An advisory panel on exceptional longevity, which was set up by the National Institute on Aging (14) , noted that the identification of intermediate phenotypes, and hence homogenous subgroups, would increase the likelihood of finding the genes that contribute to longevity.
The majority of previous reports have noted the functional status of the centenarians that were studied, but they were separated into different domains with different definitions. If we wish to explore efficiently the factors involved in longevity, then a more parsimonious evaluation method with standardized measures is needed (13) . Two centenarian studies proposed the classification method of centenarians. Using retrospective morbidity profiles, the New England study (15) categorized people into three phenotypes: the ''Escapers,'' who could accomplish disease-free aging until they reached 100 years, the ''Delayers,'' who developed disease only very late in life, and the ''Survivors,'' who survived with disease. By adopting a more complicated categorizing system, the Italian study (13) categorized people into three different phenotypes: ''A,'' who had good functional status without specific morbidity history; ''B,'' who were in intermediate condition; and ''C,'' who had poor functional status with a history of morbidity. In addition, they subdivided group ''C'' into ''C1,'' where cognitive impairment was evident; ''C2,'' where both physical and cognitive impairment were observed; and ''C3,'' where physical impairment was evident.
New England and Italian groups noted that this framework was helpful for exploring the factors underlying exceptional longevity. However, both classification systems have advantages and disadvantages. As both systems emphasize participants' medical history, they will allow exploration of the effect of disease-associated factors on longevity, under the ''compression of morbidity'' hypothesis (15, 16) , which suggests that the onset of illness is delayed among centenarians. At the same time, these systems have a disadvantage in that they cannot be used to identify those factors that either protect or delay the aging process, if indeed they exist. If a person possesses a strong protective factor against aging, he may be a ''Survivor'' with high functional status. The phenotype of these people should be different to that of people who classify as ''Survivor'' but with frailty. Likewise, as the phenotype in the latter study is affected by a mixture of causative factors (medical, biological status, environmental, and stochastic) and effects (cognitive or physical function), the role of phenotype as an independent variable in research into those persons who live an exceptional healthy long life becomes ambiguous. The purpose of the study reported here was to propose a new framework for evaluating functional characteristics in centenarians in addition to describing their functional status.
METHODS

Participants
A total of 304 Japanese centenarians (65 men, 239 women) living in the 23 wards of metropolitan Tokyo participated in a survey in which they were visited by Tokyo Centenarian Study staff between July 2000 and May 2002. We randomly chose centenarians from the residential list and sent a letter inviting participation to 1194 centenarians, accounting for 68.8% of an estimated 1735 centenarians living in this area in the study period. Five hundred fourteen (43.0%) agreed to participate. Three hundred four persons, representing 25.5% of the letter recipients, participated in the visit survey.
Women outnumbered men in our sample by 1:3.6, which was not significantly different from the ratio for the total centenarian population in this area (1:3.8). Table 1 lists the background information of the participants in this study.
Procedure
After we had received a reply from the centenarian (or proxy) agreeing to participate, we sent a questionnaire that included questions about the participant's functional status. After the questionnaire had been returned, a medical doctor, a psychologist, and a nurse visited the centenarian's residence. After the group had explained the purpose of the study and obtained the permission of the centenarian (or proxy), the doctor examined the patient and took a blood sample. The psychologist conducted a cognitive assessment. The Barthel index (17) , was use to assess physical function, and visual and hearing acuity was rated according to the five categories from highest (''No problem'') to lowest (''Blind'' or ''Deaf''; see the detail in Table 2 ).
The, Clinical Dementia Rating scale (CDR) (18), Global Deterioration Scale (GDS) (19) , two scales that were developed in Japan to assess the mental state of elderly persons (NM scales) (20) , and the Mini-Mental State Examination (MMSE) (21) were used to evaluate cognitive status. The NM scales were developed for concomitant use with the N-ADL scale, which assess the basic activities of daily living of the patients (20) .The MMSE was conducted on all survey participants who were visited at their residences, but 76 participants were unable to complete it for the following reasons: ''Disagree to participate'' (13.2%); ''Bedridden and unable to give a response'' (42.1%); ''Frailness'' (10.5%); ''Inability to follow instructions'' (15.8%); ''Blind or deaf'' (13.2%); or ''Unable to speak'' (5.3%). We scored those participants who were ''Bedridden and unable to give a response'' and ''Inability to follow instructions'' as MMSE 0; this test was not conducted on the others. Because of their frailty, it was not possible to perform neuropsychological tests on most of the participants. Thus, we collected data regarding the cognitive and mental status of participants by rating the questionnaires to increase the reliability of the cognitive assessment. The CDR ratings were achieved as a consensus of three expert geropsychologists at a postvisit meeting. One of the three had interviewed the centenarians by him/herself. The GDS, NM scale rating, and videotaped responses of the centenarians to the MMSE, as well as the answers given by the participant's proxy regarding their daily activity were used as a reference to obtain a CDR rating.
Written informed consent was obtained from all participants or proxy. The ethics committee of Keio University School of Medicine approved this study.
Statistical Analyses
We used chi-square tests and one-way analysis of variance (ANOVA) to compare the functional status between the men and women. We used two-way ANOVA to compare the means of serum albumin concentration, 1-year survival, habitual smoking, and alcohol drinking, with sex and functional categories as independent variables. All statistical analyses were performed using SPSS 13.0J (Chicago, IL).
RESULTS
Sensory Functions
The distributions of sensory function levels are given in Table 2 . One hundred twelve (36.8%) and 83 (27.3%) participants had ''No problem'' with vision and hearing function, respectively. The others had moderate to severe problems with these senses, but only 1.3% (N ¼ 4) were blind and only 1.3% were deaf (N ¼ 4). Most of them (N ¼ 253; 83.2%) had either a vision or a hearing problem, and only 51 (16.8%) had intact vision and hearing.
Physical Function
The total Barthel index score and categorized levels of basic ADL are given in Table 2 . ''Independent'' was shown by 74 (24.3%) of the participants, 40 (13.2%) ''Needed minimal help,'' 43 (14.1%) were ''Partially dependent,'' 44 (14.5%) were ''Very dependent,'' and 103 (33.9%) were ''Totally dependent.'' Of 74 independent participants, only 26 (8.6%) were ''Fully independent'' (Barthel index score ¼ 100). A one-way ANOVA for the total score revealed a significant main effect of gender ( p , .01), indicating that the men (59.2; standard deviation [SD] ¼ 34.9) were more intact than the women (40.0; SD ¼ 33.7).
Cognitive Status, as Assessed by CDR and MMSE
Of the 304 participants, 74 (24.3%) had a CDR score of 0 (''No dementia''), 42 (13.8%) had a score of 0.5 (''Probably no dementia''), and 188 (61.8%) were ''Mildly to severely demented'' (CDR score ¼ 1-5; Table 3 ). A chisquare test for the frequency of dementia status indicated that women were more likely than men to have dementia ( p , .01). Cognitive function, as assessed by MMSE, was classified into three levels (Table 3) : ''Not impaired'' (score 21); ''Impaired'' (score [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ; or ''Severely impaired'' (score 0-10) by original cutoff point (21) . One-way ANOVA for the MMSE total score revealed a significant main effect of gender (p , .01), indicating that the men (mean score 16.1; SD ¼ 8.9) were generally more cognitively intact than the women (mean score 11.5; SD ¼ 8.3).
We classified the cognitive status of centenarians based on those two scales as follows: ''Excellent,'' those who were classified as having ''No dementia'' by CDR and as being ''Not impaired'' by MMSE; ''Good,'' those who were classified as having ''No dementia'' or ''Probably no dementia'' by CDR regardless of the MMSE score; ''Moderately impaired,'' those who had a CDR score of 1-2; and ''Severely impaired,'' those who had a CDR score of 3-5. As a result, of the 304 participants, 60 (19.7%) were classified as ''Excellent,'' 56 (18.4%) as ''Good,'' 86 (28.3%) as ''Moderately impaired,'' and 102 (33.6%) as ''Severely impaired.''
Categorizing Centenarians According to Functional Status
We were able to divide the visit survey participants into 4 categories using sensory, physical, and cognitive functions. First was the category of ''Exceptional,'' for participants who had intact visual and hearing functions (''No problem'' in the questionnaire), were ''Fully independent'' with regard to their basic ADL (Barthel index ¼ 100), and had ''Excellent'' cognitive functions (CDR ¼ 0; MMSE 21). Second was the category of ''Normal,'' for participants who were somewhat independent with regard to their basic ADL (Barthel index 80) and had ''Good'' cognitive function (CDR 0.5). Third was the category of ''Frail,'' for participants who had impaired basic ADL (Barthel index 79) or impaired cognitive function (CDR 1). Those who were ''Totally dependent'' (Barthel index , 20) and had ''Severely impaired'' cognitive function (CDR 3) were categorized as ''Fragile.'' Table 4 gives the number of centenarians categorized in each of the 4 categories for each gender. Only 5 (1.6%) of the centenarians were categorized as ''Exceptional'' and 56 (18.4%) as ''Normal.'' Of the ''Normal'' centenarians, 19 (33.9%) were ''Fully independent'' (Barthel index score ¼ 100) and 32 (57.1%) had ''Excellent'' cognitive ability. Most of the centenarians (167; 54.9%) were categorized as ''Frail''; of this ''Frail'' group, only 13 (7.8%) were physically ''Independent'' but had cognitive problems, while 23 (13.8%) had ''Good'' cognitive status but had physical problems. Seventy-six participants (25.0%) were categorized as ''Fragile.'' We did not evaluate the psychiatric aspects of these participants. However, five of the ''Exceptional'' centenarians had no adverse psychiatric symptoms: two usually go out of the house for shopping, two participate in the day service program provided by the local government for hobby activities, and one is the chairperson of the Brussels Sprout Association.
Validity of the New Categorization
To confirm the validity of the new categorization, we assessed serum albumin concentration and 1-year mortality after participation in the study as external criteria, and compared these values among the groups (Table 4) . We also compared (alcohol) drinking and smoking status among the groups as examples to explore the influences of environmental factors on the functional phenotype (Table 4) . Participants were defined as being drinkers or smokers if they ever had or now have a drinking or smoking habit, respectively. No significant effect of age was observed among the groups. A significant effect of group (p , .01) was observed for serum albumin concentration. Further multiple comparisons indicated that the ''Exceptional'' and ''Normal'' groups had higher serum albumin concentrations than the ''Frail'' and ''Fragile'' groups did (p , .05). The ''Fragile'' group had significantly lower serum albumin concentrations than the ''Frail'' group did (p , .05). The same analysis for 1-year mortality revealed a significant effect of group (p , .05), indicating that those categorized as ''Normal'' and ''Frail'' survived longer than those categorized as ''Fragile'' did. Quite remarkable is the fact that every one of the ''Exceptional'' centenarians survived for at least 1 year after participation in this survey. Although the differences in serum albumin concentration and 1-year mortality between the ''Exceptional'' and ''Normal'' groups were not significant (because of the small number of centenarians in the former group), our new classification method could appropriately discriminate two higher functional groups (Figure 1 ). This is a particularly notable characteristic of our classification method in comparison with single-domain classification methods (for example, using CDR, MMSE, and Barthel index alone; Figure 1) .
With regard to the influence of lifestyle, the higher functional centenarians included fewer habitual smokers and more drinkers. Statistically, the main effect of group was observed for lifestyle (p , .01). Further multiple comparisons identified no group-by-group differences. Although there were few smokers among the centenarians (n ¼ 47, 15.4%), three currently smoking centenarians were categorized as ''Frail,'' and all five centenarians categorized as ''Normal'' among the smokers had quit smoking in their early 60s. No such characteristics were found for drinking habit.
DISCUSSION
First, we confirmed the previously reported finding that there is a deterioration of functional status among centenarians in comparison with their younger cohorts (3) (4) (5) (6) (7) (8) (9) (10) (11) (22) (23) (24) (25) (26) (27) . We also confirmed that male centenarians outperform female centenarians in both cognitive (6, 7, 9, 22, 24) and physical function (4, (6) (7) (8) 27 ). In addition, we adopted visual, hearing, physical, and cognitive functions as key variables and categorized the centenarians into four phenotypes. Compared with single-domain categorizations of each cognitive and physical function, this functional phenotyping method seems to have distinct advantages. The number of ''Exceptional'' centenarians was small in this study, and so some of the comparative data did not reach statistical significance, yet 1-year mortality and serum albumin concentrations among the ''Exceptional'' centenarians were . One visit survey participant was lost to follow-up within 1 year after participation, so 1-year mortality data were collected from 303 participants. One-year mortality, and the ratios of drinkers and smokers were calculated as 0 for no (alive) and 1 for yes (dead).
*p , .05; **p , .01. higher than among the ''Normal'' centenarians (who were also categorized as being healthy) and, needless to say, among the ''Frail'' and ''Fragile'' centenarians. Furthermore, we found that retrospective lifestyle also has an influence on the functional status of centenarians. There was a negative relationship between smoking habits and functional status. There were no smokers among the ''Exceptional'' participants, whereas more than 10% of each of the other groups included habitual smokers. In addition, 29% of physically ''Independent'' and 17% of cognitively ''Excellent'' centenarians were smokers. At the same time, there was a positive relationship between drinking habits and functional status. Eighty percent of ''Exceptional'' and 49% of ''Normal'' participants reported having a drinking habit, whereas less than 40% of ''Frail'' and ''Fragile'' centenarians did so. The causal relationship between drinking and functional status seems to be indistinct compared with smoking. The constitutional differences that allow drinking might influence functional status rather than the positive effect of the drinking habit itself (28) . Genetic factors are thought to be more important than environmental factors for survival to an extremely old age (29) ; however, the results presented here indicate that lifestyles are important to the functional status of oldest old, even though they succeeded in surviving to be 100 years old.
With regard to single-domain functional status, we have confirmed the evident deterioration in both physical and cognitive function among centenarians. The New England study, which used the same scale, would be a good reference. Regarding dementia prevalence, 76% Tokyo centenarians suffer from dementia; meanwhile, this rate was 80% in the New England study (CDR 0.5). Regarding physical function, the New England study showed a higher independence ratio (44%) than did our study (20%). Physical frailty might be a significant characteristic of Japanese centenarians.
We adopted MMSE 21 as a cutoff point for a cognitive ability of ''Not impaired.'' This criterion was based on the original MMSE article (21) , was used to screen the cognitively intact centenarians in the Georgia centenarian study (11) , and is 1 point higher than the criterion used in the Italian centenarian study, which used the term ''absence of severe cognitive impairment'' (13) . This cutoff point is lower than that used in other recent studies for younger elderly persons (23, 24) . Previous studies did not evaluate suitable cutoff points for MMSE scores in centenarians in conjunction with external criteria. Many studies have reported a declining trend of MMSE scores with increasing age (30) (31) (32) . The average MMSE score of the healthy oldest-old population in Tokyo was 25 (range 14-30) for men and 24 (range 8-30) for women (33) . Moreover, MMSE scores tend to underestimate the cognitive ability of centenarians, because of sensory deterioration (22, 25) . Thus, we combined the MMSE and CDR to define cognitive status. We believe that this combination of assessment methods is suitable for evaluating the cognitive status of the oldest-old population. Comparative studies using the same method are needed to confirm the suitability of the MMSE cutoff-point criterion in other populations.
Compared with the available oldest-old (85þ years) data in Tokyo (34) , the number of people who have impairments in cognitive or physical functions was twice as high among our centenarians. This finding indicates that the increasing number of oldest-old persons will be accompanied by a great deal of dependent people. At the same time, among 167 ''Frail'' centenarians, 55 (32.9%) were cognitively labeled as ''Good,'' but had a deteriorated basic ADL score. This indicates that the psychological adaptation to functional deterioration is important in extremely old people (35) (36) (37) . We need to focus more on the psychological and emotional aspects than on functional status in centenarians.
We should bear in mind the importance of having a standardized method with which to evaluate the functional status of centenarians. In Okinawa, a decline in the physical function of centenarians was reported to have occurred between 1976 and 1994 (38) . This evidence led us to investigate the relationship between the increasing number of extremely old persons, the proliferation of centenarians (12) , and their functional status. There have been some reports of positive generational improvements in physical and cognitive function (39, 40) ; however, this may not be true for centenarians. The frequency of frail centenarians, who would be assumed to have low genetic advantages for longevity, might increase in the future.
We introduced a new categorization framework for classifying centenarians according to their functional phenotype by using commonly used measures. We did not examine the influences of medical history (13, 15) or other lifestyle factors, and further study is required to determine the factors that differentiate between ''Exceptional'' and ''Normal'' as well as between healthiness and frailty. The phenotypes revealed by this study will be helpful to explore factors that contribute to exceptional longevity (14) and to the discrimination between the influences of genetic and environmental factors on healthy aging.
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